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S1. Stability of PbS/CdS/ZnS QDs upon heating 
The stability upon heating of the PbS/CdS/ZnS QDs was evaluated by subjecting an aqueous 
dispersion of the QDs to several 4-minute-long cycles of heating (up to 80 ºC) and cooling. 
After each heating/cooling cycle, the infrared emission spectrum of the QDs under excitation 
with an 808 nm laser diode was collected. The emission spectra obtained before and after five 
heating cycles were virtually identical, as can be seen in Figure S1, suggesting that the 
repeated heating did not affect the structural integrity and properties of the QDs. 
 
 
 
Figure S1. Emission spectrum of an aqueous solution of PbS/CdS/ZnS QDs under 808 nm 
excitation before and after being subjected to five 4-minute-long cycles of heating to 80 ºC.  
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S2. Comparison of fluorescent nanothermometers 
 
 
Nano-
thermometer 
Spectral operation 
range Sensitivity 
(%·ºC
-1
) 
T 
operation 
range (ºC) 
T-sensitive 
parameter 
Ref. 
λexcitation 
(nm) 
λemission 
(nm) 
V
IS
IB
L
E
 
NaYF4:Er,Yb 920 545, 525 1 20-60 Spectral ratio 
[1]
 
CaF2:Er,Yb 920 655 1.6 25-50 Spectral ratio 
[2]
 
CdSe/ZnS QDs <525 620 0.7 10-80 Intensity 
[3]
 
Gold 
Nanoclusters 
580 710 0.5 15-45 
Fluorescence 
lifetime 
[4]
 
Green 
fluorescent 
protein 
473 530 0.7 20-60 
Polarization 
Anisotropy 
[5]
 
B
W
-I
 
CaF2:Tm,Yb 920 790 0.25 25-50 Spectral ratio 
[2]
 
Y2O3:Yb,Tm 978 
815, 656, 
460, 454 
7.8 max. -200-27 Spectral ratio 
[6]
 
Y2O3:Yb,Ho 978 755, 550 9.7 max. -260-27 Spectral ratio 
[6]
 
Nd:YAG 808 940 0.15 10-70 Spectral ratio 
[7]
 
NaYF4:Nd 830 870 0.12 0-150 Spectral ratio 
[8]
 
LaF3:Nd 808 870 0.1 10-60 Spectral ratio 
[9]
 
LiLaP4O12: 
Nd,Yb 
808 890, 980 0.4 150-600 Spectral ratio 
[10]
 
B
W
-I
I 
PLGA hybrid 
nanostructures 
808 
1064, 
1270 
2.5 10-55 
Spectral ratio [11]
 
LaF3:Nd,Yb 790 
1064, 
1300 
0.1 10-50 
Spectral ratio [12]
 
Nd@YbLaF3 
core/shell NPs 
790 
1064, 
1300 
0.41 10-50 
Spectral ratio [12]
 
Yb@NdLaF3 
core/shell NPs 
790 
1064, 
1300 
0.36 10-50 
Spectral ratio [12]
 
PbS/CdS/ZnS 
QDs 
808 1270 1 10-60 
Intensity This 
work 
 
Table S1. Properties of different temperature-sensitive fluorescent nanosized systems. 
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S3. Ex vivo photothermal treatment 
Prior to performing in vivo PTT experiments, the possible effect of the prolonged heating on 
the thermometric capabilities of the QDs were studied ex vivo. For that purpose, a chicken 
tissue sample was injected with 50 µL of PbS/CdS/ZnS dispersed in PBS (1 mg/mL) and 
subjected to photothermal heating at a high power density (2 W/cm
2
) for two 4-minute-long 
cycles, during which the emission of the QDs was continuously monitored with an InGaAs 
camera. Before starting the procedure, as well as after each heating cycle, the laser power was 
lowered to 0.02 W/cm
2
 so that the QD emission was still clearly detectable with the InGaAs 
camera while no photothermal heating of the sample occurred. The emission intensity of the 
QDs before, during and after these photothermal treatments is represented in Figure S2. It can 
be clearly seen that the emission intensity of the QDs recovers its baseline room temperature 
values a few minutes after the end of the photothermal treatment. The intensity oscillations 
observed after the end of the heating cycle are attributed to oscillations in the laser diode 
power when the driving current is suddenly reduced down to values close to threshold.  
 
 
Figure S2. Photothermal heating of an aqueous dispersion of QDs injected ex vivo upon 
irradiation with an 808 nm laser diode. Before and after the heating, the laser intensity was 
  
4 
 
kept low (0.02 W/cm
2), as labeled in the figure as “Low Laser Power”. During the 4-minute-
long photothermal heating procedures, shadowed in red and labeled as “High Laser Power”, 
the laser intensity was set to 2 W/cm
2
.   
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S4. Calculation of the photothermal conversion efficiency of PbS/CdS/ZnS QDs 
 
The photothermal conversion efficiency, η, is defined as the fraction of the absorbed laser 
energy that is transformed into heat. To calculate the photothermal conversion efficiency of 
PbS/CdS/ZnS QDs, we followed the method described in different works based on the report 
presented by Roper et al.
[13]
 An aqueous dispersion of QDs (1 mg/mL) was placed in an open 
quartz cuvette and irradiated with an 808 nm laser diode at a power of 403 mW, while 
continuously monitoring its temperature with a thermographic camera. The laser was turned 
off when the temperature reached a steady value (18 minutes after starting the irradiation), 
and the temperature was recorded during the cooling process until the temperature of the 
dispersion matched that of its surroundings. In figure S1, which contains the experimental 
data of temperature as a function of time, the heating and cooling periods are indicated. 
 
 
Figure S3. Photothermal heating of an aqueous solution (1 mg/mL) of QDs upon irradiation 
with 808 nm laser light (403 mW). The laser was kept on for 18 minutes (left part of the 
figure, shadowed in red) until the temperature of the dispersion had reached a steady value. 
Then, it was turned off and the temperature was monitored until it was equal to the 
temperature in the surroundings (right part of the figure, shadowed in blue). 
 
 
The photothermal conversion efficiency, η, can be defined as follows: 
 
 
 
max 0 0
1 10 OD
hA T T Q
I


 


    (S1)  
  
6 
 
Where h is the heat transfer coefficient and A, the surface area of the container where the 
solution is placed, while Tmax and T0 represent the maximum temperature reached by the 
dispersion containing the QDs and the temperature at the surroundings, respectively. Q0 
corresponds to the heat dissipated from the light absorbed by the solvent and container, I to 
the laser power and OD to the optical density of the sample.  
As explained in the literature, hA can be obtained through the system time constant, 
S , which 
can be determined from the cooling curve (see Figure S1), as  
 D D
S
m C
hA

     (S2)  
 
where 
Dm  = 0.5 g and DC  = 4.179 J·g
-1
·s
-1
 correspond to the mass and heat capacity of the 
solvent, water in our case. Substituting 
Dm  = 0.5 g and DC = 4.179 Jg
-1
s
-1
 as well as the 
obtained 
S  = 174 s, we obtain a value of hA = 12 mW·K
-1
. 
The maximum temperature increment, (𝑇𝑚𝑎𝑥 − 𝑇0), as seen in Figure RL1, is 12.8 ºC for the 
applied laser power, I, of 403 mW. Q0 was measured independently using an open quartz 
cuvette containing distilled water and found to be 38.2 mW. The optical density of the QDs 
dispersion at this concentration at 808 nm is 0.4746. 
Substituting these numbers into expression (1), we find a laser-to-heat conversion efficiency 
of 43%. 
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S5. Comparison of photothermal conversion efficiencies of different nanoheaters 
 
Nanoparticle type 
Photothermal 
conversion 
efficiency (%) 
Irradiation 
wavelength (nm) 
Average NP size 
(nm) 
Ref. 
Gold Nanorods 50 808 6.18 [13b] 
Gold Nanorods 98.6 808 60.8 x 14.6 [14] 
Gold Nanoshells 25 808 145 [13b] 
Gold Nanorods and 
Gold Bipyramids 
51-95 809 50 - 10 [15] 
Gold Nanospheres 65-80 532 50 - 5 [16] 
Gold Nanomatryoshkas 63 810 44 [17] 
Porous Pd NPs 93.4 808 22.8 [14] 
Polypyrrole (PPy) NPs 44.7 808 50 [18] 
PPy-coated Pd NPs 96 808 22 [19] 
NaYF4:Yb/Er@PPy 
core/shell nanoplates 
44.7 915 78 x 25 [20] 
NaLuF4:Yb,Er@NaLuF4
@Carbon 
38.1 730 77 (hydrodynamic 
diameter) 
[21] 
Iridium complex loaded 
PPy NPs 
35.5 730 60 [22] 
PEG-MoO3–x Hollow 
Nanospheres 
22.64 808 90 [23] 
PEG-Sb nanorods 41 808 
200-300 long 
10 thick 
33 
Dopamin-melanin 
Colloidal Nanospheres 
40 808 160 [24] 
NdVO4 NPs 57.9 808 2.6  
Cys-CuS 27 980 18 [25] 
Cu7.2S4 Nanocrystals 56.7 980 20 
[26] 
Cu3BiS3 Hollow 
Nanospheres 
27.5 980 80 [27] 
MoSe2 nanodots 46.5 785 2-3 
[28] 
CdSe/Bi2Se3 QDs 27.1 808 5 
[29] 
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WS2 QDs 44.3 808 3 
[30] 
 
Table S2. Photothermal conversion efficiencies of different nanosized systems with 
remarkable laser-to-heat conversion capabilities. In the cases where multiple values are 
reported for the same NP type (gold nanorods/bipyramids and gold nanospheres), the authors 
report on an increased photothermal conversion efficiency for smaller nanoparticles. 
 
 
 
 
 
 
S6. In vitro toxicity of PbS/CdS/ZnS after heating 
 
This study was undertaken using a cervical cancer cell line, HeLa. Cells were routinely 
cultivated using Dulbecco modified Eagle medium (DMEM) containing 10% (vol/vol) fetal 
calf serum (FCS), 50 units/mL penicillin, 50 μg/mL streptomycin. Cell cultures were 
performed at 37 °C in a humidified atmosphere containing 5% CO2. 
The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay is a simple 
non-radioactive colorimetric assay to measure cell cytotoxicity, proliferation or viability. 
MTT is yellow, water soluble, tetrazolium salt. Metabolically active cells are able to convert 
this dye into a water-insoluble dark blue formazan by reductive cleavage of the tetrazolium 
ring. Formazan crystals, then, can be dissolved in an organic solvent such as 
dimethylsulphoxide (DMSO) and quantified by measuring the absorbance of the solution at 
540 nm, and the resultant value is related to the number of living cells. To determine cell 
cytotoxicity/viability, the cells were plated in a 24 well plate at 37 °C in 5% CO2 atmosphere. 
After 48 h of culture, the medium in the well was replaced with the fresh medium containing 
QDs, previously heated or not (see Figure S4) and cells were incubated for 2, 4, 6 and 8 
hours. After incubation, the medium was removed and changed to medium without QDs. 
After 24 h, 0.5 mL of MTT dye solution (0.05 mg/mL of MTT, Sigma) was added to each 
well. After 2-3 h of incubation at 37 °C and 5% CO2, the medium was removed and formazan 
crystals were solubilized with 0.5 mL of DMSO and the solution was vigorously mixed to 
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dissolve the reacted dye. The absorbance of each well was read on a microplate reader at 540 
nm. The relative cell viability (%) related to control wells containing cell culture medium 
without QDs was calculated according to: 
 
 
test
control
A
Viability 100
A
     (S3) 
Where  
test
A  and  
control
A  correspond to the absorbance of the test and control samples, 
respectively. 
 
  
Figure S4. Cell viability of HeLa cancer cells after incubation with a dispersion of 
PbS/CdS/ZnS QDs in PBS at a concentration of 40 μg/mL for different incubation times. The 
red bars correspond to QDs that had been previously subjected to a heating procedure (up to 
80 °C for 4 minutes), while the blue bars correspond to QDs that had not been previously 
heated. Each bar corresponds to the mean cell viability value ± standard deviation. 
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S7. Comparison of surface temperatures achieved in PTT experiments 
 
Nanoparticle type 
Irradiation parameters 
Surface maximum 
temperature (ºC) 
Ref. 
λ (nm) 
time 
(min) 
Power 
density 
(W/cm
2
) 
Treated Control 
SWCNTs 808 5 0.6 60 45 
[31]
 
Graphene NPs 808 5 0.15 48 38 
[32]
 
GNRs 810 3 2 75 40 
[33]
 
Sb NPs 808 5 1 55 37 
[34]
 
FeS nanoplates 808 5 1 60 45 
[35]
 
LaF3:Nd 808 4 4 48 41 
[36]
 
MoS2-iron oxide 808 5 0.78 51 40 
[37]
 
Mn-iron oxide 808 5 1.5 70 43 
[38]
 
WS2 QDs 808 10 1 ~45 38 
[30]
 
 
Table S3. Treatment conditions (irradiation wavelength, duration and power density) and 
surface maximum temperatures for different PTT experiments in animal models. In all cases, 
the surface maximum temperature in the successfully treated tumors and in the laser-only 
control cases were measured using thermographic imaging.  
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